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ABSTRACT  
ACTIVITY PATTERNS, HOME RANGE, AND MICROHABITAT SELECTION OF A 
TERRESTRIAL TURTLE (Rhinoclemmys rubida perixantha) IN A TROPICAL DRY FOREST 
by 
Taggert Butterfield  
May 2016 
 
Abstract: Turtles are in trouble worldwide, with nearly half recognized by the International 
Union for Conservation of Nature (IUCN) as needing special protection. The Eurasian pond and 
Neotropical wood turtles of the family Geoemydidae are the most diverse turtles and comprise ¼ 
of all turtle species yet basic information on their natural history is lacking. Moreover, seasonal 
tropical dry forest (SDTF), where many geoemydids exist, is considered the most endangered 
ecosystem in the world. We investigated the activity patterns, home range size, and microhabitat 
selection of the Mexican Spotted Wood Turtle (Rhinoclemmys rubida perixantha) in its SDTF 
habitat by tracking turtles with trail spools and radio telemetry. Our data show activity of R. r. 
perixantha was strongly associated with the intense dry season in the tropical deciduous forest, 
where turtles made fewer movements and walked significantly shorter distances 
(wet=46.8±3.6m, dry=21.4± 4m, P<0.05). With the onset of the wet season, turtle activity 
peaked from 1100-1400hr. Male turtles moved significantly farther (P=0.02), and more 
frequently (X2=48.5, P<0.001) than females, and had larger home ranges (males=1.26±.61; 
females 0.55±.19 ha, P<0.001). These differences reflect a reproductive strategy where males 
travel more in search of females, which maximizes fecundity. Furthermore, results from a 
generalized linear model reveal that specific habitat features within the SDTF selected by turtles 
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include leaf litter (F=13.7, P=0.0003), bare ground (F=33.3, P=5.1x10-8), vine-like shrubs 
(F=10.2, P=0.002), and hillslopes (F=35.0, P=2.5x10-8). This was the first field study ever 
conducted on the endangered Mexican Spotted Wood Turtle in its native habitat. 
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CHAPTER I 
GENERAL INTRODUCTION 
 
Reptiles and amphibians (ecotherms) are evolutionary marvels and their ancestors walked 
the earth tens of millions of years before many dinosaurs, including the famous Tyrannosaurids 
(Shaffer, 2009). This long evolutionary history is likely due to their low energy lifestyles, which 
allow ectotherms to endure long periods of time with little to no food, permitting them to flourish 
in uncertain resource environments (Pough, 1983). Unlike mammals (endotherms), who require 
high amounts of energy to maintain stable body temperatures, ecotherms save energy by using 
their behavior to meet thermoregulatory needs (Huey, 1982). Amidst this lineage of tetrapods, 
turtles are perhaps the most successful, with their general body plan changing relatively little in 
the past 200+ million years (Shaffer, 2009). Although the armored - bony shell of turtles make 
them virtually impalpable, it also restricts their movement, for this, turtles are slow and clumsy, 
particularly on land (Cherepanov et al., 2011; Rhondin et al., 2011). Understanding the natural 
history of these sluggish – ectotherms will shed light on why they have survived for so many 
millions of years.  
Natural history describes where organisms move and what they do in their environment 
(Greene 1986). This information provides an interpretative context in which to address questions 
that cannot be known in a laboratory setting. For example, if Charles Darwin failed to observe 
differences in foraging behaviors among Galapagos finches, a systematic biologist studying the 
evolution of these birds would never fully understand the importance of beak size and foraging 
ability. In a similar way, understanding the natural history of reptiles, in particular turtles, 
provides insight on how natural and sexual selection have shaped the organisms we see today.   
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CHAPTER II 
LITERATURE REVIEW 
 
Scientist have employed diverse methods to describe the natural history of organisms. 
Among the most common involve using radio transmitters to monitor the movements and 
habitats used by individuals (Mech, 1983). In turtles, this technique has led to exciting 
discoveries of how they use and interact with their environment, which has led to comprehensive 
understanding of the natural history in many turtle species. At the heart of this understanding, 
activity patterns, home range size, and microhabitat selection have been used to describe and 
measure how natural and sexual selection have guided turtles’ evolutionary past. Despite these 
advancements many pieces to turtles evolutionary puzzle are missing. A major piece includes our 
knowledge on small-terrestrial turtles of the tropics, most of which belong to the family 
Geoemydidae   
Because turtles are ecotherms, their activity is primarily strained by daily and seasonal 
weather patterns, with turtles generally remaining inactive during periods of low resource quality 
and active when it is high (e.g. winter vs. summer) (Bauder et al., 2014; Dodd, 2002; Lue and 
Chen, 1999). In addition to weather, activity patterns can also reflect differing reproductive roles 
among males and females (Lue and Chen, 1999). Because turtles are polyandrous male’s 
reproductive success should increase with mating rate, while in females only a few matings may 
be adequate to increase reproductive success (Arnqvist and Nilsson, 2000). These differing 
strategies between the sexes result in differential activity patterns among males and females, with 
males typically being more active during mating season and gravid females during nesting 
season (Berry and Shine, 1980; Litzgus and Mousseau, 2004; Lue and Chen, 199). Nevertheless, 
timing of these seasons and adequate resources to support these activities can vary among habitat 
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types and understanding how turtles adjust their activity daily and annually in different habitats 
will enhance our knowledge on how turtles have persisted for so long and how they survived the 
Triassic-Jurassic and Cretaceous-Tertiary mass extinction events (Raup et al., 1982; Shaffer, 
2009).   
A recent review of home range size among turtle taxa found that body size, habitat, and 
diet likely determine turtles use of space with body size being the strongest predictor of home 
range size (Slavenko et al., 2016). In this review, influences of habitats did not significantly 
influence home range size, which is a likely product of generalizing habitat types. 
Knowledge regarding the influence of habitat on home range size and the evolution of 
body size in non-marine turtles have been restricted by generalizations of habitats including 
aquatic, semi-aquatic, and terrestrial habitat types (Gibbons and Lovich, 1990; Berry and Shine, 
1980; Slavenko et al., 2016). These generalizations do not account for the diversity of 
microhabitats within these general habitat types, those of which can have major influence on the 
evolution of body size, diet, and reproductive strategies.  To illustrate this influence, large 
terrestrial turtles such as the Desert tortoise (Gopherus agassizi) are not equipped to navigate a 
dense tropical forest. In contrast, a small Mexican Spotted Wood Turtle (Rhinoclemmys rubida) 
would fare poorly in an open desert where resources and microhabitats are less frequent. 
Therefore, knowing microhabitats types and availability of those used by turtles will provide 
finer detail on the mechanisms driving divergent evolution and adaptive radiation in turtles.  
Comparative studies are empirical to completely understanding the evolutionary puzzle 
of turtles, yet our lack of information on many non-marine species is preventing us from 
assembling this puzzle. Although great work has been done with many taxa, the majority of our 
knowledge on non-marine turtles has its genesis in the families Emydidae and Testudinidae 
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(Dodd, 2002; Ernst, 1976; Hart and Lee, 2006; Lovich and Ennen, 2013; Lovich et al., 2015; 
Sieg et al., 2015). Information regarding the most diverse family, Geoemydidae, is lacking. 
Besides work by Lue and Chen, 1999 with Asian Box Turtles (Cuora flavomarinata), no field 
studies have been conducted on geomydids in the Old World, where this family is most diverse. 
In the New World, the sole representatives of geomydids are of the genus Rhinoclemmys (13 
species) and previous work has provided rich insight on the natural history of Rhinoclemmys 
nasuta (Garcés-Restrepo et al., 2013), R. funerea (Giraldo et al., 2012), and most notably R. 
areolata (Vogt and Platt, 2009), yet information regarding the most terrestrial form of R. rubida 
is close to non-existent. 
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CHAPTER III 
CONCLUSION 
 
Aside from our gaps of knowledge in their biology, turtles are in trouble worldwide. 
Nearly half of all extant turtle species are under some kind of special protection (Rhondin et al., 
2010). Moreover, about half (12) of the 25 most endangered non-marine turtles are geoemydids 
(Rhondin et al., 2011), yet information on their ecology is lacking, especially in Asia. 
Furthermore, seasonal tropical dry forests (SDTF), home to some geoemydids, are disappearing 
faster than tropical rainforests and some consider it the most endangered terrestrial ecosystem in 
the world (Janzen, 1988; Trejo and Dirzo, 2000). To address these issues we equip Mexican 
Spotted Wood Turtles (Rhinoclemmys rubida perixantha), endemic to SDTF, with radio 
transmitters and measure their activity patterns, home range, and microhabitat selection. This 
information provides a foundation of understanding of how terrestrial geoemydids use and 
interact with their environment.  
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CHAPTER IV 
JOURNAL ARTICLE 
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Activity patterns, home range, and micro habitat use of a Terrestrial Turtle 
(Rhinoclemmys rubida perixantha) in a Tropical Dry Forest 
Taggert G. Butterfield1, Daniel D. Beck1, AND Alison Scoville1 
1Department of Biological Sciences, Central Washington University, Ellensburg, Washington 
98926, United States. Emails: butterft@cwu.edu, beckd@cwu.edu, and scoville@cwu.edu 
 
Abstract: Turtles are in trouble worldwide, with nearly half recognized by the International 
Union for Conservation of Nature (IUCN) as needing special protection. The Eurasian pond and 
Neotropical wood turtles of the family Geoemydidae are the most diverse turtles and comprise ¼ 
of all turtle species yet basic information on their natural history is lacking. Moreover, seasonal 
tropical dry forest (SDTF), where many geoemydids exist, is considered the most endangered 
ecosystem in the world. We investigated the activity patterns, home range size, and microhabitat 
of the Mexican Spotted Wood Turtle (Rhinoclemmys rubida perixantha) in its SDTF habitat by 
tracking turtles with trail spools and radio telemetry. Our data show activity of R. r. perixantha 
was strongly associated with the intense dry season in the tropical deciduous forest, where turtles 
made fewer movements and walked significantly shorter distances (wet=46.8±3.6m, dry=21.4 
±4m, p<0.05). With the onset of the wet season, turtle activity peaked from 1100-1400hr. Male 
turtles moved significantly farther (p=0.02), and more frequently (X2=48.5, p<0.001) than 
females, and had larger home ranges (males=1.26±.61; females 0.55±.19 ha, p <0.001). These 
differences reflect a reproductive strategy where males travel more in search of females, which 
maximizes fecundity. Furthermore, results from a generalized linear model reveal that specific 
habitat features within the SDTF selected by turtles include leaf litter (F=13.7, P=0.0003), bare 
ground (F=33.3, P=5.1x10-8), vine-like shrubs (F=10.2, P=0.002), and hillslopes (F=35.0, 
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P=2.5x10-8). This was the first field study ever conducted on the endangered Mexican Spotted 
Wood Turtle in its native habitat. 
Key Words. Geoemydidae, Rhinoclemmys, Seasonally Tropical Dry Forest, Turtles, Mexico 
Resumen: Las tortugas se encuentran en peligro a nivel mundial con un medio de todas las 
especies reconocidas por la Unión Internacional para la Conservación de la Naturaleza (UICN),  
por lo que requieren protección especial. Las tortugas pozas Eurasia y las tortugas maderas Casi 
no existe informacion sobre la historia natural de las tortugas Neotropicales entre la familia 
Geoemydidae que son las más diversas y abarcan ¼ de todas las tortugas. Además, el Bosque 
Tropical Caducifolio (BTC), dónde existen unas geoemydids, se considera el ecosistema con 
mayor peligro en el mundo.  En este trabajo se analizaron  los patrones de actividad, tamaño de 
ámbito hogareño y selección de microhábitat en la Tortuga Casco Rojo (Rhinoclemmys rubida 
perixantha) en el BTC monitoreándolas con bobinas de hilo y radio telemetría. Los datos 
obtenidos desplegaron la actividad de la  R. r. perixantha, asociado fuertemente con la 
temporada más seca en el BTC, dónde las tortugas se movieron menos y caminaron distancias 
más cortas significativamente (lluvias=46.8±3.6m, secas=21.4 ±4m, p<0.05). Con la llegada de 
las lluvias, la actividad en las tortugas fue más frecuente desde 1100-1400hr. Los machos se 
movieron más lejos significativamente (P = 0.02), y más frecuentemente (X2 = 48.5, P < 0.001) 
que las hembras, teniendo un ámbito hogareño más largo (machos = 1.26±.61; hembras = 
0.55±.19 ha, p < 0.001). Esas diferencias reflejan una estrategia reproductiva, dónde los machos 
se mueven más en buscada de las hembras, lo cual maximiza la fecundidad. Adicionalmente, los 
resultados del modelo lineal generalizado mostraron que las características del hábitat 
específicos entre el BTC seleccionados por tortugas incluyen hojarasca (F = 13.7, P = 0.0003), 
suelo desnudo (F = 33.3, P = 5.1x10-8), arbusto-lianas (F=10.2, P=0.002), y pendiente (F = 35.0, 
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P = 2.5x10-8). Este ha sido el primer estudio presentado sobre tortugas en el Bosque Tropical 
Caducifolio.  
Palabras Claves. Bosque Tropical Caducifolio, Geoemydidae, México, Tortugas, Conservación  
INTRODUCTION   
 
Turtles are in trouble worldwide, with nearly half recognized by the International Union for 
Conservation of Nature as needing special protection (Turtle Taxonomy Working Group 2010, 
www.iucnredlist.org). The family Geoemydidae, which includes wood turtles, is the most diverse 
family, comprising 25% of all turtle species (Spink et. al, 2004), yet is also experiencing the 
greatest anthropogenic impacts (Turtle Conservation Coalition 2011). The only geoemydids in 
the new world are wood turtles of the genus Rhinoclemmys. They range from Mexico to South 
America where reports on their natural history are scanty or non-existent.  Moreover, seasonally 
dry tropical forests (SDTF), habitat for many geoemydids, are considered the most threatened 
terrestrial ecosystem worldwide (Janzen, 1988; Miles et al., 2006) and in Mexico only 27% of 
SDTF’s original extent is still intact today, with only 10% of this receiving official protection 
(Trejo and Dirzo, 2000).  
The Rhinoclemmys complex of the new world includes aquatic, semi-aquatic, and 
terrestrial species (Ernst 1978; Legler and Vogt, 2013). Some, such as the semi-aquatic R. 
areolata (Vogt et al., 2009), show great plasticity in habitat types, ranging from SDTF to rain 
forests, whereas others such as the aquatic R. nasuta (Giraldo et al., 2012) and terrestrial R. 
rubida (this study) are restricted to specific habitat types. Rhinoclemmys rubida is endemic to the 
SDTF of western Mexico, with two extant subspecies, R. r. perixnathna and R. r. rubida, which 
range from Nayarit –Michoacán and Guerrero – Northern Guatamala, respectively (Legler and 
Vogt, 2013). Information on R. rubida in the wild has its genesis in a hand full of field 
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observations (Butterfield and Rivera, 2014; Holcomb and Liu, 2014; Mosimann and Rabb, 
1953). Although captive populations of R. r. rubida in the Behler Chelonian Center and Mexico 
Turtle Center have provided some information, field studies are lacking (Legler and Vogt, 2013; 
Liu, 2012). 
Natural history describes where organisms move and what they do in their environment 
(Greene 1986). This information provides an interpretative context in which to address questions 
that cannot be known in a laboratory setting. For example, if Charles Darwin failed to observe 
differences in foraging behaviors among Galapagos finches, a systematic biologist studying the 
evolution of these birds would never fully understand the importance of beak size and foraging 
ability. In a similar way, understanding the natural history of R. r. perixantha provides a 
foundation of understanding of how terrestrial geoemydids use and interact with their 
environment.  
Here we report activity patterns, home range, and micro-habitat use in the Mexican 
Spotted Wood Turtle (Rhinoclemmys rubida perixantha) in the Chamela-Cuixmala Biosphere 
Reserve in Jalisco, Mexico using trail spools, radio telemetry, and observations of non-marked 
individuals.  During the dry season, we expected R. r. perixantha might move less, travel shorter 
distances, and primarily aestivate during this period, albeit we expected females would increase 
activity towards the end of the dry season which would correspond with known nesting time of R 
r. rubida at the Behler Chelonian Center (Holcomb and Liu, 2012). Rhinoclemmys r. perixantha 
are sexually dimorphic with males being smaller than females (T. Butterfield, pers. observ.).  In 
other populations in which males are smaller than females, its hypothesized energy acquisition in 
males is used for movement rather than growth (Mobile-Male Hypothesis) resulting in smaller 
males that move more in search of females (Berry and Shine, 1980). Therefore, we expected 
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home range size of male Rhinoclemmys r. perixantha would be larger than those of female 
turtles. Lastly, we predicted turtle presence would be associated with specific microhabitat 
characteristics that differ from available habitat, with emphasis on surface structure (woody 
debris, vegetation, and/or rock) and slope. 
MATERIAL AND METHODS  
 
Study Area –Estación de Biología Chamela (EBCh) is a 16km2 biological field station located 
within the Chamela-Cuixmala biosphere reserve near Chamela, Jalisco, México approximately 2 
kilometers from the Pacific Ocean. Vegetation at EBCh is characterized as a lowland tropical 
deciduous “dry” forest with a marked seasonality in precipitation with 80% (748mm) occurring 
during the four-month wet season June-September and mean annual temperature of 24.9oC with 
a range from 14.8oC – 32oC (Bullock, 1985). Landscape throughout EBCh is undulating with 
elevations ranging from 30m to 140m with two major habitat types, deciduous and semi-
deciduous forest (Duran et al. 2002). Deciduous is most abundant throughout EBCh, with semi-
deciduous forest being restricted to larger drainages.   
Monitoring Turtles - Turtles were initially encountered by walking trails and transects 
throughout potential turtle habitat at the EBCh October 2014 – September 2015. Turtles were 
gently captured by hand and each individual was uniquely marked with combinations of notches 
on the marginal scutes of the carapace (Cagle, 1939) using a triangular file. Carapace and 
plastron lengths and widths were measured in mm; sex, mass, age class (juvenile, sub-adult, 
adult), initial capture location (UTM), and behavior were recorded for all turtles. To monitor 
turtle movements and provide a representative sample of turtles (equal males and females), select 
adult individuals throughout the study period were equipped with either nylon cocoon bobbins or 
radio transmitters (Table 1).   
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Table 1 Turtle sex and identification number, carapace length (CL), total number of 
observations, total number of relocations, length of monitoring period, and Brownian Bridge 
home range estimates of Rhinoclemmys rubida perixantha. Home ranges were only calculated 
when there where >30 relocations.  
Sex CL(mm) Monitoring Period  
No. of 
Observations  
No. of 
Relocations  
Home range 
(Brownian 
Bridge) 
Females 
     21 71.7 3 Apr 2015 - 23 June 2015 29 8 NA 
18 102.1 30 Mar 2015 - 16 Sep 2015 29 13 NA 
15 105.1 9 Mar 2015 - 16 Jun 2015 40 13 NA 
40 124.5 11 Jul 2015 – 10 Sep 2015 36 32 0.31 
19 125.7 2 Apr 2015 – 10 Sep 2015 56 38 0.76 
12 126.8 7 Mar 2015 – 10 Sep 2015 73 40 0.39 
8 131 17 Nov 2015 – 2 Apr 2015 60 17 NA 
24 133.5 15 Jun 2015 – 10 Sep 2015 36 31 0.46 
29 135.1 7 Jul 2015 – 10 Sep 2015 32 32 0.6 
6 135.9 17 Nov 2014 – 10 Sep 2015 113 60 0.78 
Males 
     13 77.2 9 Mar 2015 – 18 Jun 2015 31 8 NA 
20 81.2 2 Apr 2015 – 14 June 2015 28 10 NA 
22 98.1 4 Apr 2015 – 10 Sep 2015  53 42 0.37 
9 98.9 27 Nov 2014 – 11 Jul 2015 85 23 NA 
26 101.1 2 Jun 2015 – 10 Sep 2015 34 34 1.2 
23 101.5 30 May 2015 – 10 Sep 2015 39 34 1.04 
16 103.9 10 Mar 2015 – 10 Sep 2015 72 41 2.12 
17 106.6 18 Mar 2015 – 10 Sep 2015 70 41 1.61 
28 108.3 29 Jun 2015 – 10 Sep 2015 36 35 1.21 
 
Nine individuals (three males, six females) monitored the first six months of the study 
(November 2014 – May 2015) were equipped with nylon cocoon bobbins (Danfield Limited, 
Lancashire, England.). Bobbins contain 250 meters of textile nylon thread and were wrapped in 
plastic saran wrap and coated with rubber (Plasti-Dip, Performix ®) then attached to the rear 
marginal scutes of the carapace using epoxy putty as described in Wilson, 1994 (Fig. 1). At each 
observation distance of thread expelled by turtles was visually estimated and recorded using a 
handheld tally counter, then thread was retied to a neighboring tree. When less than half of the 
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thread remained in bobbins, they were replaced to ensure constant monitoring; this procedure 
took approximately ten minutes in the field. Bobbins were removed at the onset of the wet 
season as turtles began making large frequent movements, increasing the risk of losing 
individuals with an attached thread bobbin. One bobbin was found detached from the turtle with 
bite and/or claw marks; the fate of the turtle is unknown. No turtles became entangled with the 
line.   
  
 
Figure 1 Female equipped with a thread bobbin. 
 
When bobbins were removed at the onset of the wet season (June 2015) select adult 
individuals bearing thread bobbins were outfitted with VHF radio transmitters for continuous 
monitoring. New turtles located during the onset of the wet season (June-July) were also 
equipped with transmitters. To provide a representative sample of both sexes, six males and six 
females were equipped with transmitters and monitored until September 2015. Radio transmitters 
weighed 6g and 10g (RI-B2 Holohil Inc.) with battery lives of six months (6g radio) to one year 
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(10g radio). Transmitters were attached to the front (female) and rear (male) marginal scutes 
using epoxy putty (Fig. 2).  Individuals were located using a Telonics TR-2 receiver and a hand-
held “H” antenna (150-154 MHz, Telonics, Inc., Mesa, Arizona). Each radio weighed less than a 
7% of each turtle’s mass.  
 
Figure 2 Female turtle equipped with a radio transmitter. 
 
Activity Patterns –Daily activity patterns were summarized from records of turtles 
directly observed surface-active.  Because activity could not always be observed directly, activity 
was also assessed using movement as an indicator of activity bouts, with “Movement” indicating 
that a turtle had moved from its previously-observed location, and “No Movement” indicating 
that a turtle had remained stationary since its previous direct observation. Distances between 
relocations were used to assess the frequency and extent of activity bouts for seasons, sexes, 
and/or sexes among seasons. Distances were determined by constructing trajectory plots in the 
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‘adehabitatLT’ package in R and the associated data were exported using ‘xlsx’ package 
(Dragulescu, 2014; Celenge, 2006; R Core Team, 2014).   
Home range size – Method selected to estimate home range can have profound influence on 
interpretation of home range size, yet there is little agreement on which method performs best 
(Row and Blouin-Demers, 2006). Because of this, with relocations of twelve monitored adult 
individuals (6 males, 6 females, Table 1), we estimated individual home range using four 
different methods to determine which method performs best for this study. Methods include, 
minimum convex polygon (MCP; Hayne, 1949), fixed 95% kernels (K95%; Worton, 1989), MCP 
adjusted K95% (Row and Blouin-Demers, 2006), and 95% Brownian Bridge kernels (BB95%; 
Bullard, 1999) within the ‘adehabitatHR’ package in R (Calenge, 2006; R Core Team, 2014). To 
minimize influence of extreme localities 95% of total home range sizes were calculated.  
Minimum convex polygon (MCP) method involves drawing the smallest polygon that 
encompasses all of an individual’s recorded relocations. The resulting polygon and the area of 
this polygon are interpreted as home range size which is the area in which an individual performs 
its normal activities (Burt, 1943; Hayne, 1949). Minimum convex polygon estimates only 
provide a rough outline of an individual’s home range, includes large areas never occupied by 
turtles, and prevents us from understanding selection within turtle’s home range (Powell, 2000).  
Despite these shortcomings, MCP method is the most widely used method, making it valuable in 
comparative studies (Slavenko et al., 2016) 
Kernel density estimates place a bivariate function (“kernel function”) over every 
relocation and their values are averaged together (Calenge, 2015). In lay terms, the kernel 
density estimator is a non-parametric technique that produces a distribution based on the 
likelihood of finding an animal in any particular location within its home range (Row and Blouin 
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Demers, 2006; Worton, 1989). The ‘width’ of these estimations requires input of certain 
parameters, in particular smoothing parameter (h) which ultimately determines overall home 
range size (Worton, 1989). Least squared cross validation (LSCV) has been found to produce the 
most accurate results (Seaman and Powell, 1996; Morzillo et al., 2003). This method identifies 
the value of h that produces the least estimated error (Seaman and Powell, 1996). Although 
LSCV works well for most situations, it does not perform when data are highly auto correlated, 
which is often a result of animals using the same location (Seaman and Powell, 1996; Worton, 
1989).  
Because autocorrelation can be a problem when estimating home ranges for 
herpetofauna, Row and Blouin-Demers, 2006 propose that adjusting h until the area of the kernel 
density equals that of MCP, reduces variation in home-range estimates and suggest this may be 
an ideal method for smoothing parameter selection in herpetofauna. 
Finally, Brownian Bridge Kernel density estimation is a relatively new extension of the 
kernel density to estimate home range (Bullard, 1999). Kernel density treats consecutive 
relocations as independent observations, whereas the Brownian Bridge considers time spent 
between relocations, permitting us to assess an organism’s use of habitat in space and time 
(Bullard, 1999, Horne et al., 2007). Unlike kernel density estimates, methods to select smoothing 
parameters for Brownian Bridge Kernel density estimates have yet to be developed (Calenge, 
2006). Similar to the smoothing parameter (h) in kernel estimates, Brownian bridge estimates 
rely on two variables to estimate home range size, sig1 (related to movement speed of animal) 
and sig2 (relates to imprecision of relocations). In this study, optimal sig1 for all turtles were 
determined to be between 0 and 1(maximum likelihood; function ‘liker’, package 
‘adehabitatHR’), however the function to estimate home range (function ‘kernelbb’, package 
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“adehabitaHR”) can only accept integers, therefore sig1 for all estimates was set to 0. 
Furthermore, to preserve individuality of each turtle Sig2 was defined by the 95% confidence 
intervals of strait-line distances travelled by each turtle (data from trajectory plots used to 
calculate Brownian bridge home range).   
Microhabitat – Microhabitat structure was quantified within 1x1 meter plots placed over 
locations where turtles were observed inactive and randomly selected locations throughout 
EBCh. Structural characteristics visually estimated within these plots include percent ground 
cover of wood debris, bare ground, leaf litter, rock, and vegetation (sum=%100). Additionally, 
types of vegetation in each plot were sub-categorized into percentages of herbaceous plants, trees 
(dbh >10 cm), vines, and vine-like shrubs (sum=%100). Slope was recorded using a clinometer, 
canopy cover at 10 and 150 cm with a spherical densiometer, and aspect (ordinal) with a 
compass. Twelve of these plots (non-random and random, total=24/month) were measured on a 
monthly basis from April - September 2015 (total=142). Non-random plots were randomly 
selected (using random no. generator) from observations made in each perspective month. 
Random plots were selected by choosing points (using random no. generator) along the 13 
kilometers of trails at EBCh. At each point on the trail, 1x1m plots were placed at a random 
distance (1 – 30 m) in a random direction (0-360o) from the trail.  
Statistical Analysis –General linear mixed-models (LMM; ‘lmer’ function, package ‘lme’), with 
individual turtle as a random effect, were used to establish the effect of season, sex, and the 
interaction of these on distances moved.  
I also implemented a general linear mixed-model (LMM) to assess the relationship 
among home range size, method, and sex, with turtle as a random effect. Furthermore, I applied a 
t-test to test the effect of sex on BB95% home range sizes 
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A generalized linear model (GLM; function ‘glmer’, package ‘lme4) was used to identify 
micro-habitat variables that influence turtle presence. Model was manually selected using 
backward stepwise regression (function ‘drop1’, package ‘stats’), the final model with the lowest 
AIC was retained for hypothesis testing. 
Likelihood ratio tests (LRT, function ‘drop1’, package ‘stats’) were used to calculate p-
values for LMM, whereas Satterthwaite approximation (F, function ‘anova’, package ‘stats’). All 
statistical analysis was done in R (R Core Team, 2014) at an alpha level of 0.05.  
RESULTS  
 
Activity Patterns – Rhinoclemmys rubida. perixantha monitored in this study appeared to be 
largely diurnal although nocturnal activity is unknown. After corrected for sampling effort 
(percentage of observations comprising activity in each perspective hour) turtle activity occurred 
the most between 900-1500hr and the least 1600-2000hr (Fig. 2). Most turtle activity occurred 
during the wet season June - September. During the wet season 94% of all turtle observations 
(445 of 474) comprised movement, whereas during the dry season turtles moved 28% of the 
observations (79 of 366) (Fig. 4). Rare dry season precipitation experienced in November, 
February, and March were associated with turtle movement, but did not result in increased 
activity bouts (T. Butterfield, pers. observ.; Fig. 4).  
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Figure 3 Percent of observations comprised of activity by hour (n=204). Sampling Effort= 
percentage all observations during each respective comprised of activity. 
 
 
Figure 4 Percent of observations that comprise movement by month (n = 970). Observations that 
comprise activity (n=970).  Data are binned by month. No data were collected in October. 
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Strait-line distances travelled were significantly further during the wet than dry season 
(wet = 44.7 ± 3.5m, dry = 14.4 ± 2.8m; groups = 18, n = 491, F = 43.5, P = 5.5x10-5, LMM). 
Moreover, males did not travel significantly farther than females (51.2 ± 6.1m vs. 31.6 ± 2.8m 
for males and females respectively; groups = 18, observations = 491, F=1.58, P = 0.22, LMM), 
but this difference was only present during the wet season (dry: males = 13.2 ± 5.7m, females = 
14.9 ± 3.3m; wet: males = 56.1 ± 6.6m, females = 35.8 ± 3.1m; groups = 18, observations = 491, 
F = 4.15, P = 0.04, LMM; Fig. 5).  
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Figure 5 Means and 95% Confidence Intervals of Distances between relocations (meters) 
between sex and season. 
 
Home range – There is no significant relationship among the four different methods used 
to calculate home range (Fig. 6); df = 5, LRT = 3.936, P = 0.269, LMM). However, a significant 
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relationship was found between home range method and sex (df = 12, LRT = 4.273, P = 0.039, 
LMM). K95% (h adjusted by LSCV)  and BB95% estimates show the greatest (0.52-5.34 hectares) 
and least variation (0.37-2.12 hectares), respectively. Moreover, BB95% showed the least inter-
individual variation in home range estimates; also residuals for BB better satisfied the 
assumptions of normality and homogeneity.  Therefore, in this study, Brownian Bridge provided 
the best estimate for home range of R. r. perixantha. Mean (± 95% C.I.) BB95% home range size 
of all individuals is 0.903±0.35 hectares, males=1.26 ± 0.61 hectares, and females 0.55 ± 0.20 
hectares (Fig. 7; Table 1). Males home ranges are significantly larger than females (n = 12, t = 
1.94, P = 0.015, One- Tailed T-test). 
 
Figure 6 Illustration of Turtle #19 home range estimates. Kernel density estimations K95% 
(LSCV; innermost contour), K95% (MCP adjusted; outer contour), BB95% (solid shape) and 
MCP95% (Polygon).  
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Figure 7 BB95% turtle home range estimates and their associated relocations. Solid lines are 
female home ranges, whereas dashed are males. 
 
Microhabitat – For most observations, turtle activity bouts were disturbed as the observer 
approached. Turtles normally responded to the observer by fleeing to cover, although certain 
individuals remained motionless until the observer was no longer present before fleeing to cover. 
When active, turtles were most frequently observed in patches of forest with an open understory 
(Fig. 8), when inactive turtles burrowed in clumps of leaf litter with a combination of woody 
debris, vines, vine-like shrubs, and/or trees. On several occasions turtles also took refuge in rock, 
tree, or soil shelters. Figure 9 illustrates the frequency of refuge types occupied by turtles during 
all field observations, showing turtles more frequently used refuges that were comprised mostly 
of leaf litter and woody debris and less frequented refuge in vegetation (herbaceous plants, vines, 
vine-like shrubs, and trees) and shelters (rock, tree and soil type shelters) (Fig. 10, microhabitat 
examples). 
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Figure 8 Open habitat in which turtles were mostly observed active. 
 
 
Figure 9 No = Frequency of Habitat Types. Vegetation (bromeliad, herbaceous plants, vines, 
and vine-like bushes), Shelter (soil, tree and rock shelters).  N = 454 observations. 
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Figure 10 Turtles taking refuge in a) leaf litter, b) woody debris, c) vine-like shrub, and 3) 
shelter (rock). White arrows indicate location of turtle. 
 
Based on our final model of microhabitat variables measured using 1x1 meter plots, turtle 
presence is best explained by percentages of leaf litter, woody debris, vegetation, rock, and 
canopy cover at 10 and 150cm. (groups = 18, observations = 143, AIC: 61.4, GLM). Between 
random and non-random plots this model found significant differences in leaf litter (LRT = 13.0, 
P = 3.1x10-4), woody debris (LRT = 10.3, P = 1.3x10-8), vegetation (LRT = 12.1, P = 4.9x10-4), 
rock (LRT = 8.3, P = 3.9x10-3), canopy cover at 10cm (LRT = 6.2, P = 0.01), and canopy cover 
at 150cm (LRT = 5.9 , P = 0.02).  
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DISCUSSION  
 
Is well known that physiology, climatic factors, and reproductive strategies shape life-history 
strategies in ectotherms (Pough, 1980; 1983). Activity patterns in turtles are influenced by 
seasonal weather patterns, environmental structure, and reproductive strategies (Lue and Chen, 
1999; Reagan, 1974; Wechai et al., 2002). In this study, weather patterns (daily and annually) 
and sex shaped the variation of activity in Mexican Spotted Wood Turtles (Rhinoclemmys rubida 
perixantha). Increased turtle activity corresponded with the four-month wet season in the SDTF 
(June-September); during this time turtles were typically observed active mid-day (1100 – 1300 
hr) and walked 47 meters on average between relocations. Also, males in the wet season walked 
greater distances than females. In contrast, turtles were seldom active during the dry season, 
walking 21 meters on average between relocations with most activity during this period being 
associated with atypical dry season rain in November, February, and March (Fig. 4). These 
results highlight the influence of seasonality on terrestrial turtles and are likely a product of the 
low energy demand and male mating strategies in turtles (Berry and Shine, 1980; Penick et al., 
2002).  
Turtles have among the lowest field metabolic rates (FMR) of all reptiles, with lowest 
FMR being recorded in Box Turtles (Terrepene c. carolina) (Nagy, 1982; Penick et al., 2002). 
Low metabolic rates of turtles and other ectotherms reduce energy demand, allowing them to 
flourish in uncertain resource environments, such as the tropical deciduous forest. In these 
environments, turtles take advantage of seasonal peaks in resources to acquire resources, and 
“coast” through periods of low resource abundance. This low energy life-style allows 
ectothermic animals to attain a total biomass that rivals their endothermic counterparts (Pough, 
1980). Because some turtle species are largely herbivorous, their presence may have profound 
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influences on flora composition.  Janzen (1970) revealed that seedlings at increasing distances 
from the parent tree have a higher probability to survive until adulthood and an even high 
probability if seeds pass through the gut of herbivores. Additionally, gut passage of seeds in 
some species of Rhinoclemmys show that this may increase the probability of germination 
(Butterfield, unpublished data; Moll and Janzen, 1995). For these reasons, herbivorous turtle 
populations that can attain a high density of individuals likely influence the species composition 
of their habitat.  
 In general, methods to estimate home range can have profound influence on 
interpretation of home range size, potentially causing misinterpretation of home range (Hemson 
et al., 2005). Methods to calculate home range did not share a significant relationship with home 
range size, however the Brownian Bridge estimates were the least variable and their residuals in 
the general linear mixed model showed the least patterns. For this reason, we suggest using 
several methods to estimate home range and determine which performs best (least inter-
individual variation) for the focal species before drawing conclusions on home range size. Also, 
Brownian Bridge estimation is the most sophisticated method available; taking in account the 
time spent between successive relocations and should always be considered when spatial data 
permit.  
In this study we report home range estimates of the smallest terrestrial turtle (mean strait 
line carapace (SLC = 113mm) yet examined, Rhinoclemmys r. perixantha. These estimates are 
smaller (mean = 0.9 ± 0.4 ha) than those of terrestrial turtles of similar size (Tarrepene carolina, 
SLC = 150 mm, mean = 5.15; T. ornata, SLC = 160 mm, mean = 3.7 ha) (Refsnider et al., 2012; 
Schwartz et al., 1974), and substantially smaller than those of terrestrial turtles in general (mean 
= 20.1 ha; Slavenko et al., 2016).  
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Small body size and home range of R. r. perixantha, is likely a result of their habitat. 
Unlike seasonal rainforest, forest canopy in the SDTF is broken, permitting for higher density of 
understory vegetation (Murphy and Lugo, 1986). These characteristics, coupled with the 
topographic diversity at EBCh probably make movement energetically costly; restricting 
Mexican Wood turtles from occupying larger areas (Legler, 1960). Other factors known to 
influence home range size include availability of cover, nesting sites, food, and access to one 
another (Dodd, 2001). In desert-dwelling Box Turtles (Tarrapene ornate), resource quality has 
been seen to influence home range, with turtles having smaller home ranges in mesic than xeric 
habitats (Nieuwolt, 1993,1996). Opposed to the habitat of desert-dwelling Box Turtles, SDTF 
have higher annual precipitation (Nieuwolt, 1993; Bullock, 1986), resulting in increased resource 
quality that could permit Mexican Spotted Wood Turtles exist in small areas.  
Males had larger home ranges than females. Why? Factors affecting differences in home 
range size include nest site availability, mating strategies, and resource abundance. Gravid 
females in some turtle populations have home ranges substantially larger than males (Chen and 
Lue, 1999, Litzgus et al., 2004), a result hypothesized to be due to searching for nesting sites 
(Chen and Lue, 1999).  In the Mexico Turtle Center (Mazunte, Oaxaca, Mexico), Oaxaca Wood 
Turtles (Rhinoclemmys, r. rubida) females typically excavate shallow nests in leaf litter (Legler 
and Vogt, 2013). If Mexican Spotted Wood Turtles are similar, the abundance of leaf litter 
throughout EBCh could permit females to invest less time and energy into nest site selection, 
resulting in smaller home ranges. In addition to nest site availability, reproductive strategies also 
play a critical role in differing home range sizes, where males are predicted to invest more time 
into looking for mates and less time foraging (Berry and Shine, 1980).  
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Sexual size dimorphism we observed in Mexican Spotted Wood Turtles is uncommon for 
terrestrial turtle species (Berry and Shine, 1980; Gibbons and Lovich, 1990), and common 
among aquatic species. Berry and Shine, 1980 hypothesize males will be, 1) larger than females 
when large size increases success in male combat, 2) smaller than females when small size 
increases mobility, or 3) females are larger because of increased fecundity. In Mexican Spotted 
Wood Turtles the second appears to be true, in which males are smaller to increase mobility. 
Unlike aquatic habitats were smaller turtles can move faster with less consequence, on land 
larger turtles can move longer distance with less consequence. Therefore, the small body plan is 
of Mexican Spotted Wood Turtles is likely a product of aforementioned characteristics of the 
SDTF, that limit the ability for turtles to move. We hypothesize that smaller size observed in 
males is an adaptation to navigate their environment.   
Mexican Spotted Wood Turtles typically took refuge in clumps of leaf litter, woody 
debris, and/or vegetation on hill sides in the tropical dry forest. When compared to random 
locations, microhabitats used by inactive turtles differed in percentages of leaf litter, woody 
debris, vegetation, vine-like shrubs, and slope. Combined these results suggest R. r. perixnatha 
prefer microhabitats with a diversity of structural components, with leaf litter being a particularly 
important component. These results are consistent with other terrestrial turtles; in particular, 
Cuora flavomarginata (Geoemydidae), Tarrepene ornata, and T. carolina (Emydidae) who also 
retreat to similar microhabitats with leaf litter (or ground litter) being a common feature among 
all species (Converse and Savage, 2003; Lue and Chen, 1999; Reagan, 1974). Leaf litter and 
structural components of the forest floor the importance of leaf litter to small terrestrial turtle 
species probably lay in its microclimatic properties.  
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Reagan (1974) discovered that ground litter is critical for overwintering Box Turtles 
(Terrepene carolina), providing insulation to freezing temperatures and retaining high moisture 
content. Additionally, soil in forested areas beneath 10-20cm of leaf litter did not freeze during 
winter months, whereas soil in open grasslands did (Reagan, 1974). In the SDTF likely have 
similar microclimatic properties, providing refuge with high moisture content and ample 
temperatures for wandering Mexican Spotted Wood Turtles. Aside from turtle retreats, leaf litter 
is critical to a myriad of other vertebrates, invertebrates, plants, fungi, bacteria and its 
decomposition of organic material attributes approximately 70% to the annual net carbon flux 
(Raich and Schlesinger, 1992).   
In summary, Mexican Spotted Wood Turtles are mostly active 900 – 1300 hrs during the 
four-month wet season at the EBCh, have small home ranges, and rely on structural components 
of the forest floor to exist. Additionally, Mexican Spotted Wood Turtles are sexually dimorphic 
and their southern subspecies the Oaxaca Wood Turtle (Rhinoclemmys r. rubida) are not. Since 
sexual dimorphism is less common among terrestrial species, Rhinoclemmys rubida, provide an 
opportunity to enhance our understanding evolutionary mechanisms that influence turtle body 
size.  
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APPENDIX 
Table 2 Number of active and inactive observations by hour. Note: Active corresponds to direct 
observation of activity, inactive turtles in these observations may have moved since previous 
location, but were not directly observed active.  
Time 
(24hr) Active Inactive  
900 2 7 
1000 9 38 
1100 33 58 
1200 39 72 
1300 39 93 
1400 31 89 
1500 10 30 
1600 5 66 
1700 22 128 
1800 12 104 
1900 4 68 
2000 1 10 
 
Table 3 Observations of movement, no movement, and amount of precipitation in each 
perspective month during the study period November 2014 – September 2015. Turtles that had 
moved were observed in a new location from previously observed location and not always 
directly observed active.  
Month 
No 
Movement Movement Precipitation (mm) 
Nov 14 10 230 
Dec 17 5 0 
Dec 5 7 0 
Jan 6 3 0 
Jan 5 1 0 
Feb 14 10 125 
Feb 2 6 0 
Mar 40 16 36 
Mar 54 13 264 
Apr 52 13 0 
Apr 39 11 0 
May 30 7 0 
May 48 9 5 
Jun 18 44 29 
Jun 4 52 43 
July 12 114 96 
July 0 91 95 
Aug 1 76 23 
 40 
Aug 2 79 9 
Sep 1 40 11 
 
0.53). 
 
Table 4 Female and Male mean home ranges (hectares) with associated 95% confidence interval, 
below is min-max of home range estimates  
Intra-
Specific 
Class n MCP 
K95% (h adjusted 
by LSCV) 
K95% (h 
adjusted to 
MCP) 
BB95% 
(sig1=0, 
sig2=95% C.I. 
mean distance) 
      Female 6 0.50±.26 0.63±.16 0.5±.26 0.55±.19 
  
0.26-0.96 0.41-0.82 0.26-0.96 0.31-0.78 
      Male 6 1.02±.65 2.07±1.72 0.97±.68 1.26±.59 
  
0.31-2.23 0.50-5.34 0.31-2.23 0.37-2.12 
 
